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Abstract 
Capillary network of radiation cooling air conditioning system often encounter condensation problems, cooling capacity shortage 
problem and one-time investment issues in the actual promotion [1]. Advantage of experimental data measured as simulated 
conditions, by Airpak software simulation analysis of the experimental room [2]. The simulation results show that capillary 
network of radiation cooling air conditioning system more combined with fresh air system, and the temperature and humidity 
independent control [3].Through the radiant panel bear most of the load, and through the air full of latent heat load and part of the 
sensible heat load. This helps solve condensation problems, they can make the proper indoor air flow, and improve the overall 
comfort of the capillary network of radiation cooling system. 
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1. Introduction 
With the development of society, people's living standards increase quickly, cooling air conditioning system is 
concerned by more and more people [4,5]. Capillary network of radiation cooling air conditioning system as a low-
power, high-comfort new air conditioning way have been get a more extensive research and engineering applications, 
but in practice there are usually encounter condensation problems, cooling capacity shortage problem and one-time 
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investment issues. In this paper, based on experimental results, numerical simulation of the indoor temperature and 
humidity under common operation rate was done, which reveals the operating characteristics of the capillary 
network of radiation cooling system and points out the efficiency approach. This study aimed at a ward of the 
Children's hospital in Shenyang for temperature and humidity test, and combined with the data analysis the 
feasibility of the system.  
1.1. The experimental test object 
The object of experimental test is a Children's hospital wards in Shenyang, this ward is an ordinary double room. 
The size of the room is 5800 mm x 3600 mm x 3600 mm, the size of the outside window is 1500 x 1800 mm .The 
ward structure as shown in Fig. 1(a). The room by capillary network of radiation cooling and dehumidification 
displacement ventilation system. This experiment set up five corresponding point evenly in the room, and record an 
experiment data by one and a half hours, each measuring point are on behalf of position of the temperature and 
humidity instrument. Measuring points as shown in Fig. 1(b). Indoor air supply outlet on the wall of toilet, using the 
side air supply. Supply air temperature and water temperature of the capillary can be displayed by floor control 
room of the Children's hospital in Shenyang: capillary network for the return water temperature is 21-22.9 ć, new 
air handling to 18 ć and using the air dew point. 
 
 
(a) Ward structure;                                                       (b) Measuring point. 
Fig. 1. Room schematic diagram of measuring points. 
1.2. Analysis of experimental results 
In July 2014, the weather of Shenyang is damp and rainy, the outdoor temperature is 21-30 ć and relative 
humidity is 60% -75%. The change of outdoor relative humidity in Shenyang as shown in Fig. 2. We can calculate 
the average outdoor temperature is 29.4 ć, outdoor relative humidity is 65%. Through this way of supply air the 
average temperature of the indoor air is 26 ć, the average relative humidity is 70%. Room test parameters as shown 
in Table 1. According psychrometric chart shows that the moisture content of the room is 13.75g / kg at this time, 
fresh air supply temperature is 18 ć, the moisture content of air is 12.1g/ kg . The fresh air treatment process as 
shown in Fig. 3. The table reflects when the wall temperature is lower than the dew point temperature will produce 
dewing phenomenon, such as serial number 3-8 has condensation phenomenon. From the data in the serial number 7, 
we can see that indoor condensation is more evident when you close the fresh air indoors. Discussion above 
suggests that fresh air is relief for condensation system, but the dehumidification capacity is not enough, the 
condensation problem cannot be solved, so it is necessary to change the moisture content of the air supply. And 
through the moisture balance and the thermal balance of the theoretical calculation in the room know new supply 
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state point for 13 ć, moisture content is 9.09 g/kg. Through this way supply fresh air into the room can reduce 
indoor humidity. 
Table 1. The test parameters of the room. 
No. New Wind Speed (m/s) 
Indoor 
temperature 
(ć) 
Relative 
humidity 
(%) 
Indoor dew point 
temperature (ć) 
Wall 
temperature 
(ć) 
Condensation 
of moisture 
1 3.5 25.4 65 20.7 21.5 No 
2 0.52 24.6 73 20.9 20.8 No 
3 0.6 26.6 73 23.5 21.8 Slight 
4 1.8 26.8 71 23.5 21.8 Slight 
5 0.75 24.6 69 21.5 17.5 Slight 
6 2.5 24.8 73 21.6 17.5 Have 
7 0 24.6 72 21.5 19 Serious 
1 3.5 25.4 65 20.7 21.5 No 
 
                
Fig. 2. The change of outdoor relative humidity in Shenyang.                    Fig. 3. The psychronetric chart of fresh air handling. 
2. Airpak operation 
2.1. Numerical simulation of the room. 
This experiment mainly simulate cold supply experiment room which is tested before, as shown in Fig1.Walls of 
the room is terminal capillary network radiant cooling system, according to the specific circumstances set 
parameters of the room, assuming that the rooms have four men and a TV, take the body surface temperature 30 ć 
and calorific value 108 w. Air supply outlet installed in toilet metope 30 cm off the ground, size is 800mm, simulate 
and analysis comfort level. The physical model of the text room as shown in Fig. 4. 
 
 
Fig. 4. The physical model of the text room. 
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2.2. Meshing experimental room. 
Airpak meshing quality directly affect the calculation accuracy, computational efficiency and simulation results. 
This experiment take the room for computing area, in the meshing calculation area, the grid distribution has a great 
influence on obtain a better numerical solution. In numerical computation, often hope on the physical plane mesh 
can adapt to the changes in the area of physical quantity, this requires using the mesh is fine enough. After weigh the 
requirement and the limitation of the calculation, combined with the actual room size, Airpak generated sub adapted 
mesh made the following modifications: The maximum size of the X axis is MaxXsize=0.3; Max O-grid height: 
0.001. In order to ensure the results accurately reflect the actual temperature distribution, in the emission model 
divided carefully around called grid, increase the number of grid nodes in the calculation region, and its simulation 
is set as the highest priority level, to ensure the accuracy of the simulation. The grid room at 1.6m as shown in Fig. 5. 
 
   
Fig. 5.The node of y=1.6m                                               Fig. 6. Convergence of imitation 
2.3. Grid computing. 
Before running the solver program, through Reynolds and Peclet numerical valuation to ensure the fluid state 
have been simulated. The Reynolds numerical and Beck numerical approximate values were 12000 and 9000, it is 
called the turbulent airflow. We have created turbulence model, so there is no need to change. In order to facilitate 
the convergence of calculation, after many simulation finally adjust the motivation and pressure in relaxation factor 
are respectively 0.7 and 0.3, make the calculation convergence. Convergence principle, according to the energy 
equation of convergence criterion generally take: 1 x 10-6 (such as the temperature of the convergence criteria); 
According to the flow equation of the convergence criteria generally take: 1 x 10-3 (such as the speed of the 
convergence criteria). Convergence criteria reflect the accuracy of computer simulation of actuarial. The 
convergence of imitation as shown in Fig. 6. 
3. Results of simulation 
3.1. Analysis of the distribution of temperature and humidity in the experimental room. 
With this air supply, through the Airpak simulation and analysis to obtain the distribution nephogram of 
temperature and humidity that 1.6m off the room indoor ground. This picture as shown in Fig. 7 and Fig. 8. The 
figure 7 is the distribution nephogram of temperature that 1.6m off the room indoor ground. According to the 
corresponding diagram color changes and the corresponding to the different color temperature can be seen that the 
surface of the wall temperature is low, affected by the capillary net radiation, the temperature is about 22 ć; The 
temperature of the window is higher, affected by the outdoor solar radiation, the integral temperature of the room is 
higher than the wall surface temperature and lower than the temperature near the window, is evenly distributed 
around 25 ć. The figure 8 is the distribution nephogram of humidity that 1.6m off the room indoor ground. 
According to the corresponding diagram color changes and the corresponding to the different color temperature can 
be seen that by using this air supply relative humidity of the room between 58% - 62% and the air dew point 
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temperature is 18.5 ć lower than the wall temperature of 22 ć. Under this conditions dew condensation will not 
happen, so we can use this way of air supply. 
 
 
Fig. 7. The temperature contours of 1.6m in the room.       Fig. 8. The humidity contours of 1.6m in the room. 
3.2. Analysis of thermal comfort in room. 
PMV index is based on the human body heat load TL which reflects the deviation degree of human body heat 
balance. The theoretical basis is when the body is in a steady state thermal environment, the greater the body's heat 
load, the more heat the body deviate far thermal comfort state. That is the larger body heat load integrity then people 
will feel more heat, the greater the negative then people will feel colder. Thermal sensation scale of PMV as shown 
in Table 2. The PMV index is representative of the most people feel in same environment, but there are 
physiological differences between people. So PMV index does not necessarily represent everyone's feeling, 
therefore proposed PPD index to indicate the percentage of people dissatisfied with thermal environment. The basic 
equations are as follows: 
 
Between PMV and human thermal load regression formula: 
 
 PMV=[0.303exp(-0.036M)+0.0275]TL                                                                                                                 (1) 
 
Quantitative relationship between PMV and PPD: 
 
PPD=100-95exp [-(0.03353PMV4+0.2179PMV2)]                                                                                                (2) 
 
Where M is human energy metabolic rate, is related with the amount of human activities, TL is the heat load of 
the human body. 
                    Table 2. Thermal sensation scale of PMV 
Thermal 
sensation Hot Warm Warm Cozy 
slightly 
cooler cool cold 
PMV value +3 +2 +1 0 -1 -2 -3 
Through the Airpak software to simulate the distribution of PMV and PPD in the room, and the calculation of the 
PMV and PPD indoor conditions are set as follows: In summer, the people in the room generally wear a T-shirt and 
shorts; human activity is sedentary or long horizontal state. Through the simulation analysis, the calculation results 
as shown in Fig. 9 and Fig. 10. 
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Fig. 9. The PMV contours of 1.5m in the room      Fig. 10.  The PPD contours of 1.5m in the room 
The analysis of PMV and PPD results as shown in Table 3 and Table 4.The calculation result shows that PMV 
mainly concentrated between 0-0.75 in the room, The average value of PMV evaluation index is 0.86, which 
belongs to the more comfortable range. PPD are mainly concentrated between 0% and 12.5% in the room, the 
average value of PPD evaluation index is 12%. It can be seen that the average percentage of dissatisfied in the room 
is 12%, most people are more satisfied with the thermal and humidity environment of the room. It can be seen that 
use this parameter to supply air will make the indoor temperature, humidity more comfortable.  
Table 3. The analysis of PMV results 
Room Min Max Mean 
Experimental 
room -0.76 1.95 0.86 
Table 4.  The analysis of PPD results 
Room Min Max Mean 
Experimental 
room 5.00% 65.221% 12.03% 
4. Conclusions 
Capillary network will occur condensation during the summer cooling, fresh air can alleviate dew condensation 
of the system. But if the fresh air dehumidification ability insufficient still cannot solve the condensation problem. 
Through experiment of Children's hospital in Shenyang indicated that the air supply temperature is 18 ć and 
moisture content is 12.1 g/kg which is called the dew point air supply. Through the moisture balance and the thermal 
balance of the theoretical calculation in the room know new supply state point for 13 ć, moisture content is 9.09 
g/kg. Through this way supply fresh air into the room can reduce indoor humidity. Using Airpak simulation 
software to verify the way of air supply can decrease the room relative humidity to 58% - 62% and the temperature 
25 ć. In this way, the room is not easy to dew condensation, PMV value is 0.86 and PPD value is 12% in the room 
which is meet human comfort requirements. 
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